Purpose -To outline how psychology as one of the original approaches to human-computer interaction (HCI) has formed a key part of the HCI literature, and to discuss the need for psychological approaches to HCI and system development. Design/methodology/approach -The contributions to the journal Human-Computer Interaction is examined from the journal's start in 1985 up to the millennium. The analysis focuses the three main elements, task, user and computer, in the classic study "Psychology of human-computer interaction" from 1983. Findings -Provides information about authorship, and form and focus of research published. The paper concludes that already from the beginning, HCI researchers too narrowly used Card et al.'s analytical framework. Today it has developed into a sub-theory within a multidisciplinary HCI science and in this role it continues to be an important cumulative factor in HCI.
Introduction
Whether we are trying to expand the theoretical perspectives in a research field or develop a particular approach in the field, we need to know how the original approaches have influenced key parts of the available literature to understand what has been in focus and what has been left out. For several decades, the field of human-computer interaction (HCI) has been studied, and students, researchers and practitioners are becoming more and more interested in the results. HCI is the fastest-growing and most visible part of computer science (Carroll, 2003) , it is becoming increasingly important to mainstream software engineering (Gulliksen et al., 2003; John et al., 2003) and the private and public sectors are steadily becoming more committed to usability engineering (Schneiderman and Plaisant, 2004) . However, the increased use of HCI results happens at a time when we do not really know how HCI professionals conceptualize the field (Clemmensen, 2004; Meister, 2004) or apply the existing usability techniques (Hertzum and Jacobsen, 2001 ). In addition, the general theoretical foundation of HCI is weak, does not exist (Dix et al., 2004, p. 5) or is under change (Nielsen et al., 2003) . There is a rush of different theories and frameworks into HCI, which are potentially beneficial and set the agenda of a field in motion. However, the downside includes difficulties with assimilating a variety of methodologies, theoretical approaches and driving issues (Carroll, 1997) in addition to an increasing lack of direction, structure and purpose (Rogers, 2004) . HCI lacks the wealth of journal and conference status assessment studies found in more mature fields of information technology research, which in some cases even allows meta-analyses of ranking studies, see for example Nord and Nord (1995) . Therefore, it is important to begin questioning the kind of HCI approaches, research strategies, scientific ideals, disciplinary goals, etc. that we promote in HCI research outlets such as key journals.
At the beginning of the twenty-first century, we are more than ever in need of a HCI psychology to inform us about the human aspect in human-computer interaction (Nielsen et al., 2004) . However, the request for a HCI psychology will result in different and sometimes personal answers, depending on who you ask and the context of your question. In this paper, I will outline how psychology as one of the original approaches to HCI has formed a key part of the HCI literature. Secondly, I will use the biography of the framework to discuss the need for psychological approaches and psychological knowledge within HCI and system development.
Background 2.1 The early psychological tradition
In chapter 12 in their book The Psychology of Human-Computer Interaction (PHCI), Card et al. (1983) suggested how applied psychology might be used in design. An important part of their suggestion was a framework (hereafter called the PHCI framework) consisting of:
. the structural components of the human-computer system;
. performance models for predicting the performance of the human-computer system; and . design functions that used the performance models in the design process.
A design function, e.g. system evaluation, would ideally be performed by using psychologically based performance models, e.g. of a system's efficiency or learnability, developed by characterizing quantitatively the relations between three structural variables: the task, the computer and the user. In the PHCI framework, systems were designed for different task domains and task models. User interfaces of computers varied in dialogue style, input devices and display layout, and the human users had different intellectual abilities, computer experience, task knowledge, computer knowledge, cognitive style and perceptual-motor skills. According to Card et al. (1983) , the three structural variables in varying combinations were sufficient to characterize most human-computer systems from a psychological perspective.
The "hard science" interpretation of the PHCI
In a debate about the PHCI framework published in the newly started HCI journal Human-Computer Interaction Card, 1985, 1986) suggested the idea of ITP 19,2 a "hard science" PHCI. The hard science psychology should focus on the use of theories that identified underlying mechanisms as opposed to an insufficient soft science HCI psychology consisting of ". . . the judgment of the theorists, the experience of the practitioners, the assessments of the users, or even the empirical evaluation of systems . . . " (Newell and Card, 1986, p. 259) . It should be a cumulative HCI psychology:
. . . it is an outstanding virtue of this field that it provides opportunities for the development of technical psychological theory together with constant pressures for the practical usefulness of such theory (Newell and Card, 1986, p. 265) .
Any limitations in a researcher's work should be met by other researchers' extensions. However, this view of the ideal HCI psychology as a cumulative, theory-based, technical psychology was not shared by everybody.
In the PHCI debate in the HCI journal, the opponents, Carroll and Campbell (1986) , targeted the hard science interpretation of the PHCI framework offered by Newell and Card (1985) . According to their criticism, Newell and Card presented the PHCI approach as a more hard science than it actually was by leaving out critical features present in the 1983 book such as the detailed qualitative analysis of behavioural and thinking-aloud protocols and by comparing it with misleading idealized hard science representations of computer science and system development. They also criticized Newell and Card's hard science interpretation of the PHCI for being inadequate, because:
. . . their program of task analysis is descriptive instead of explanatory; their task analyses are atomistic: tasks are built up out of independent low-level units; their approximate calculations produce predictions of interval measurements only . . . (Carroll and Campbell, 1986, p. 9) .
In other words, it suffered from descriptivism (failing to allow theoretical entities in scientific explanations), atomism (analyzing performance into isolated units and disregarding context) and interval measurement (assuming that all components underlying performance can be continuously measured, overlooking situations in which a small change has a major influence on performance). These assumptions or "laws of qualitative structure" (Newell and Simon, 1976, p. 115) defined the essential nature of the HCI systems at a too low level and made the hard science interpretation of the PHCI incompatible with much of the knowledge generated by scientific psychology and many of the HCI phenomena of interest. Thus, Carroll and Cambell predicted that the psychology would be impossible to apply due to the misuse of hard science terminology and the interpretation of the HCI psychology as a low level science.
2.3
The "analytic framework" interpretation of the PHCI At the end of the 1980s, the usefulness of the HCI theory was assessed in a review by Booth (1991) . He suggested that the HCI theory should not only be useful, but also understandable to designers. He concluded that the guideline approach to HCI issues in the 1970s had been replaced by the analytic methods of the 1980s. But at the beginning of the 1990s, these methods were only a limited success. In particular, he saw a failure in the use of theories and constructs embodied in some of the analytic techniques and provided an example of how the limited HCI theories proposed in the PHCI book were unable to adequately account for important examples of human errors that occurred when using the systems. Booth saw the failures of HCI theories in design practice as Psychology of human-computer interaction built into Newell and Card's cumulative approach to HCI. The approach would never work as system designers always lacked the knowledge required to understand and apply the HCI theory. Booth argued that:
. . . a particular problem for the HCI field is that much of cognitive science is inaccessible to the designer . . . the limitations and potential uses of theories and ideas from this area are not understood . . . and furthermore that:
. . . those in psychology, or the cognitive sciences if we prefer that term, know a great deal more than their theories suggest. We might consider the cognitive sciences as a club, although this is not a conspiracy, but the type of association that grows out of a shared culture . . . as a consequence it is acceptable to forward small but inadequate theories because all of the club members are aware of the sometimes unspoken caveats that accompany such theorizing . . . (Booth, 1991, p. 91 ).
According to Booth, HCI should aim at developing broad framework theories that could be presented in terms easily communicated to designers. Booth wanted to replace the PHCI approach in form (the theory should be useful to designers, as suggested by Newell and Card, but it should also be easy to understand for designers) as well as in content (the specific theoretical contributions derived from the PHCI approach should be replaced by broad frameworks derived from practice and field studies).
2.4
The "sub type theory" interpretation of the PHCI At the end of the 1990s, Hartson (1998) discussed the HCI psychology in the light of the existing theoretical contributions. Hartson (1998, p. 105 ) saw the technique of task analysis imported from Human Factors or engineering psychology as a theoretical contribution in itself: ". . . a complete description of tasks in the context of their objects is a rather complete representation of an interaction design". But according to Hartson, the psychological explanations of the nature and structure of HCI was first found by combining task analysis and models of human information processing as Card, Moran and Newell did in their PHCI approach. Other theoretical contributions to HCI, which Hartson did not classify as psychological theories, included the broad, context-oriented theories proposed by Carroll and Campbell (1986) and Booth (1991) , a later theory imported to HCI from sociology and anthropology (Rogers, 2004 ) and a formal analysis of human-computer interaction focusing on correctness and consistency of design specifications as an independent kind of theoretical contribution. Although Hartson (1998, p. 104) stated that ". . . much of the theory that is extant in HCI comes to it from cognitive psychology . . . " the PHCI approach now only constituted one among several theoretical understandings of HCI.
2.5 A new role? PHCI as a user-oriented framework for a cumulative effort in HCI Nearly two decades after the presentation of the PHCI framework, the role of the HCI theory in the field is less clear than ever. Some even argue that the field has imported so many theories from other disciplines that it is flooded by theory (Rogers, 2004) . For every new technology, there are only two or three studies, which makes the field unfocussed (Whittaker et al., 2000) . However, many scholars seem to agree that human-computer interaction psychology has played an important role in the foundation of a HCI theory. Carroll (1997, p. 4) wrote:
The second problem-area bequeathed to HCI by software psychology was to characterize a robust science base that could underwrite system development. The cornerstone in this effort was the GOMS project of Card et al. (1983) . Olson and Olson (2003, p. 493 ) identified Card et al.'s book on PHCI from 1983 as the beginning of a long-term effort in HCI:
. . . to understand the cognitive, perceptual and motor components involved when a human operates a computer, and in particular how multiple components of behaviour interact when a person works with a computer.
These recent appraisals of the PHCI approach by some of its early critics make it even more relevant to ask whatever happened to the PHCI framework. The questions that must be raised include: has there been any progress within a user psychology? Who won the battle of the hard-soft science debate in the long run? Did the PHCI framework generate the cumulative knowledge that the hard science interpreters hoped to achieve, or has the conception of HCI as a science been radically changed? What characterized the focus of the subsequent research on the user, computer and task PHCI variables? Was the promise of a knowledge base of end-user psychology fulfilled in terms of theory, practice or both? Is the PHCI book still used today? Was the PHCI approach replaced by another, more context oriented approach, or did it survive as a sub-theory among several other theoretical understandings of HCI? What does a new kind of user psychology need to take into account? The answers to these questions may help us identify what we know today about the human user of technology.
Methodology
These research questions pertain to the fate of the PHCI framework, and to answer them I have studied the scientific literature in the HCI field. This makes the methodology in this paper differ from other studies of HCI psychology, including observational and interview studies of how the HCI theory is used in practice (Barnard et al., 1992; Chavalier and Ivory, 2003; Clemmensen, 2004) , theoretical analyses of central psychological concepts related to HCI such as affordance (Norman, 1999) or of the discourse within the HCI discipline (Cooper and Bowers, 1995) , social constructivist analyses of how theory is produced in HCI-labs (Suchman, 1990; Woolgar, 1991) or survey studies of HCI professionals' attitudes and conceptual structures (Clemmensen, 2003; Meister, 2004) . However, by choosing the scientific literature of HCI as a study object, it is important to pay attention to the different methods available for studying scientific literature.
Papers published in scholarly journals are traditionally the study object of library and information science studies devoted to quantitative, bibliographic text analysis methods (McCain, 1990) . In the following, I will present these methods, including the co-citation analysis by cluster analysis and by multidimensional scaling, and explain how the methods can be used to identify citation patterns in large bodies of literature. In addition, I will describe how I employ some of the methods in the present context of HCI literature and how I evaluate the methods. Then, I will discuss the inadequacies of the quantitative approaches to text analysis of scientific papers and suggest supplementing the approaches with a cultural biography of ideas. It is necessary to apply both quantitative and qualitative bibliographic analyses to understand how psychology has formed a key part of the literature in the development of the HCI field.
Psychology of human-computer interaction
3.1 Mapping a field: the bibliometric approach to topic patterns in literature A thoughtful, quantitative approach to the study of scientific literature may provide an evolutionary model of a given scientific field (Hood and Wilson, 2001 ), i.e. a quantitative approach may provide an evolutionary model of the HCI field. The bibliometric approach uses statistical methods to study subject scattering in publications such as books and other media. White and McCain (1989, p. 119 ) present the following definition and explanation:
Bibliometrics is the quantitative study of literatures as they are reflected in bibliographies. Its task, immodestly enough, is to provide evolutionary models of science, technology, and scholarship.
Bibliometrics has to be distinguished from its siblings:
. scientometrics, which in addition to dealing with subject diffusion in publications also measures other aspects of science such as research management and research practice; and .
informetrics, which focuses on quantitative aspects of information in general (Wilson, 2001) .
Of the three different approaches, the bibliometrics approach is the most useful if the research focus is narrowed to scientific publications (White, 1990) . A quantitative approach may help identify the contributions of psychology as a discipline within the large field of HCI. At worst, a quantitative approach may show that there is no field, but only several, separate sub-communities. Using the publications in the scientific journals included in the US-based Institute of Scientific Information's (ISI) databases, White and McCain (1998) did an extensive analysis of the information science discipline focusing on its authors. The analysis showed that the discipline in fact consisted of two broad sub-disciplines (domain analysts and retrievalists). In another field, population genetics, McCain (1990) pioneered an exploration of the intellectual structure of a scientific field using co-cited author mapping methods, which she found were a useful complement to studies of informal communication networks among researchers. Later, she replicated the population genetic study with the IS design community as the study object and found that designers cluster into distinct sub-communities (participatory design (PD), user centred design, cognitive engineering, design rationale, design complexity, design taxonomists, and design theorists). The results showed that there was no single, overarching "design" community to study (Atwood et al., 2002) .
We want to do a bibliometric study of the HCI field, but for several reasons we believe that the bibliometric approach must be adapted and supplemented by a more qualitative approach. First, the HCI field is probably as a whole too fragmented (Rogers, 2004) to be the object of a bibliometrics analysis. As the HCI community may be identical with or at least overlap the design community studied by Atwood et al. (2002) , a bibliometric study of the HCI field would identify a number of subcommunities and no overarching HCI field. Second, part of the bibliometric technique may not be suitable for analysing the HCI field. Valero and Monk (1998) argued that citation data cannot be used to rank HCI journals because valid and reliable citation data such as the "impact factor of journals" [1] is not available as important HCI journals are not listed in the relevant databases. The fragmentation of ITP 19,2 the field and the lack of impact factor measurement of important journals imply that the classic quantitative bibliometric approach has to be changed and adapted to the HCI field, which requires a more detailed discussion of the bibliometric approach in relation to the study of psychology within HCI.
3.1.1 Document citation analysis of the PHCI framework. Given our focus on the PHCI framework's fate, it is necessary to distinguish between the bibliometric analysis techniques:
. document citation analysis; and . author citation analysis.
In document citation analysis of research literature, it is assumed that a document is cited in another document because it:
. . . provides information relevant to the performance and presentation of the research, such as positioning the research problem in a broader context, describing the methods used, or providing supporting data and arguments (Wilson, 2001, p. 126) Wilson argues that if we assume that all citations are equal in terms of the research made, it follows that:
(1) The number of citations that a document receives later from a body of literature is a measure of the influence of this document on the literature. (2) The decline or increase in the number of citations over time reflects the usefulness of the document in subsequent research. (3) The more two documents are cited together, co-cited, in a subsequent body of literature, the more their contents are associated.
For our study of the PHCI approach, the above three implications mean:
.
A document citation search of the PHCI book in ISI's Social Science Citation Index (SSCI) shows that it has been cited 909 times from 1983 to December 2004. This number means that the PHCI approach literally has influenced 909 papers in that period -no more, no less.
. Out of the more than 900 references to the PHCI-book that had appeared in the SSCI by December 2004, more than 200 were from the year 2000 or later. In other words, during the first 17 years, the book was cited 698/17 ¼ 41 times a year in the SSCI, and after the millennium, the book was cited 211/5 ¼ 42 times a year [2] . If anything, the evidence shows no decline in popularity after the millennium rather than that the usefulness of the PHCI framework is increasing.
. A document co-citation analysis maps the linkages among individual papers or books based on their citation or co-citation by writers (White, 1990, p. 84) . A SSCI based document co-citation search by December 2004 [3] of the PCHI book and the 1985 critique by Carroll et al. shows that 15 documents have cited both documents. This means that the framework has not been associated with its original opponents to any significant degree in the subsequent body of research literature.
Thus, the application of a document citation analysis leads us to conclude that the PHCI framework has influenced 909 papers since it was first presented, it continues to be an important framework, and it is no longer associated with the early "hard science" critique.
However, there are major drawbacks and limitations in a document citation approach to the study of the PHCI framework. In a document citation analysis, the citing writers' motives do not count as any citation is equally good (White, 1990) . Therefore, a lot of poor citations might be included and a lot of relevant, but not explicitly cited papers might have been left out, i.e. the "did cite" and the "should cite" do not fit. The "did cite" situation means that some of the 909 PHCI-book citations may be non-serious, i.e. they may be hat-tipping or political citations (see Thorne's list of non-serious reasons for document citation, p. 212 in Egghe and Rousseau (1990) ). However, the implication of the "should cite" situation is potentially more serious for our efforts to outline "whatever happened to the PHCI". The implication is that many important research papers that should have cited the PHCI approach failed to do so.
The PHCI book may belong to the category of extremely well known works, the contents of which are implicitly assumed within a field without being explicitly cited, a phenomenon called "obliteration by incorporation" (Egghe and Rousseau, 1990, p. 219; Wilson, 2001, p. 127) . It is possible to cite another author implicitly in different ways. A paper may, e.g. refer to and substantially discuss a specific study without formally citing it, or the study is reproduced or illustrated rather than formally cited, e.g. when the issue is software application or other products of constructive research (constructive research in the sense of Jarvinen (2001, p. 208) ). Perhaps, the most direct, but still implicit citation is the use of "eponyms" (Egghe and Rousseau, 1990, p. 218) , i.e. expressions including individuals' names and some idea such as "Card, Moran and Newell's task model". Thus, if we evaluate the document citation analysis approach to the study of the PHCI framework, we may find it is true that ". . . there are times when interviews (or reading) can uncover what citations fails to show" (White, 1990, p. 101) , which is particularly relevant if the publications of a field are biased towards certain languages or nationalities. A possible remedy for such an obliteration-by-incorporation status of the PHCI framework is to focus on a "person-oriented conceptualization" allowing us to focus on the motivation, goals and purposes of the citing writers (Borgman and Furner, 2002, p. 19 ). This view is based on the psychological assumption that researchers often are guided by frameworks that are implicit, which appears to apply to HCI researchers and human factor professionals (Meister, 2004) . Many more scientific HCI papers may employ variables from the PHCI framework than the documents registered as formally citing the PHCI book in a bibliometric document citation analysis indicate.
3.1.2 Author co-citation analysis of the PHCI framework. An alternative to a document citation analysis of the PHCI framework is an author co-citation analysis using display techniques to produce maps of prominent authors in selected areas of scholarships (White, 1990, p. 84) . A set of authors' names representing different psychological approaches to HCI might be used to define the field. We might, e.g. begin the analysis with Card, Moran and Newell adding a number of authors already prominent in psychology and HCI at that time: Ben Schneidermann, John Carroll, John Karat and others and then add more recent authors in HCI psychology such as Yvonne Rogers and Jennifer Preece. As for the validity of the author co-citation analysis it is ". . . critical to establish a diversified list of authors" (McCain, 1990, p. 198) . A search for HCI psychology authors from non-English speaking countries might add, e.g. Alvin Yeo and Norman Streitz and other authors outside the USA. The number of times any two of these authors have been co-cited in a given database during the analyzed period might be displayed as a matrix with the HCI psychology-author names as rows and columns. On top of this raw co-citation matrix, a factor and cluster analysis might be used to identify groups of these authors with high inter-correlations. This multidimensional scaling might be used to ". . . display the overall relationships among authors in a two-dimensional map . . . " (McCain, 1990, p. 200) . The resulting map and interpretations would then represent the consensus of researchers and practitioners on how HCI psychology is organized within the HCI field.
However, while such studies have been done, the results have failed to provide adequate information about the role of the PHCI framework within the HCI field. An author co-citation study including the PHCI book by Atwood et al. (2002) showed that Stuart Card, the first author of the PHCI book, belonged to a cluster of user-centred design authors sharing a balanced focus on users and their tasks, i.e. the authors in the cluster were not as people-oriented as PD authors and not as work-oriented as cognitive engineering authors. Other clusters of design authors in the study were even further away from a psychological view on people. Instead, authors in these clusters: design rationale, design complexity, design theorists and design taxonomists, tended to focus on the philosophy of design. An important feature in the study showed that the clusters did not overlap; there was no coherent "design" field (Atwood et al., 2002) .
Furthermore, a co-citation analysis using the ISI databases such as the Atwood et al. study can only help us identify which clusters the first authors belong to, as information about co-authors is not available in these databases. If we look at the clusters as informal networks or "invisible colleges" (Culnan, 1987) , this is a problem for an analysis of the PHCI framework. In the case of the Atwood et al. study, we only learn about which cluster Stuart Card, the first author of the PHCI book, belong to. However, compared with Card, the second and third authors of the PHCI book, Moran and Newell, have exerted a different influence on subsequent HCI researchers. Moran became the Editor of the HCI journal established directly as a consequence of the PHCI book, and Newell is considered to be the main author behind the hard science PHCI paper (i.e. the paper by Newell and Card (1985) ) (anonymous reviewer). Such important influences on the HCI literature from the PHCI book's second and third authors will not be revealed by an author citation analysis, which underlines the major limitation of this approach. It is only as good as the choice of authors (White, 1990) .
3.1.3 Learning from the bibliometric approach. Although neither a document nor a co-citation analysis is perfect, it is still important to consider what we may learn from bibliometrics. First, an author co-citation analysis may show us that "authors and clusters are consistently arranged along two intellectual dimensions. One dimension is subject related and represent authors' choice of research topics; the other reflects the relative incorporation of formal approaches and quantitative analysis in the published research" (McCain, 1990, p. 195) . We should pay attention to how the two recurrent intellectual dimensions of "research topic" and "research method" emerge in our analysis of the PHCI.
Second, we must be careful with our choice of database. Nowadays, scientific fields may simply become too large for a comprehensive bibliography (Hood and Wilson, 2001) . Borgman (1984) did a review of psychological research within HCI and cited 168 papers and books from the years [1981] [1982] [1983] . Considering that the first HCI conference was held in 1982, we may call this a comprehensive survey of the HCI field. After the millennium, nothing like this would be possible within HCI. Instead of Psychology of human-computer interaction providing a complete review of all relevant papers and books, individual authors must now examine, select and review the literature in a particular subfield of the general metric field thus providing a useful service. Experience shows that exclusively quantitative studies often arise from analyses of single journal publications (Wilson, 2001) . For example, they may show that the percentage of female authors and the use of multiple authorships have been increasing over time in a particular journal. On this basis, we can choose to limit the database to a single journal within the large field of HCI in our analysis of the PHCI framework's fate. Third, bibliometric studies of scientific literature have traditionally been limited to a small subset of document properties such as the reference section or the author name field. Some bibliometricians hope that the next generation analysis -after citation analysis -will focus on a quantitative history of ideas within different fields of science (Wilson, 2001 ). Meanwhile, we may benefit from doing a full text analysis of journal papers and from considering ". . . the ultimate importance of subject content in document analysis" (Wilson, 2001, p. 206) . This is particularly important in the study of the development and influence of scientific ideas, see Table I .
In summary, supplementing a quantitative bibliometric approach to the study of PHCI with a qualitative approach does not violate the principles of bibliometrics. The purpose of a bibliometric analysis of a scientific field such as HCI is not merely to count words or titles, but to represent the history of consensus in terms of important authors or studies in the field. It is not an explicit consensus to which people knowingly give assent, but an implicit consensus, a social construct like "a climate of opinion" or a "market" (White, 1990, p. 106) . It may be argued that such an implicit consensus approximates the Kuhnian paradigm (McCain, 1990) . With a bibliometric approach, we are studying the underlying paradigm of HCI. An author co-citation analysis deals, e.g. with something as elusive as researchers' "tacit" or ". . . partial knowledge that shapes White (1990, p. 106) ). Hence, quantitative analysis results may be compared or mixed with qualitative accounts, and none of these approaches have any preference a priori (White, 1990) . Although bibliometrics is an accepted method in the sociology of science by researchers who ask questions that can be answered by the use of quantitative methods, other researchers prefer more qualitative and interpretative methods (Borgman and Furner, 2002 ).
The approach: a mixed quantitative and qualitative analysis
A mixed approach to studying the psychology of HCI is an approach that combines a quantitative citation analysis and a qualitative approach. The particular combination that I have chosen involves a concurrent nested strategy (Creswell, 2003) with the bibliometric approach as a dominant aspect. However, qualitative data will be used to describe details of the quantitative study that I cannot quantify, including the importance of gender and cultural aspects of authorship.
The qualitative approach presented in the next section focuses on the biographical details of the PHCI framework. A biography of things is an established approach in anthropology with a similar purpose as a biography of a person, i.e. to ask questions such as "where does the thing come from" "who made it" "what has its career been so far" "what do people consider to be an ideal career for such things," and "how does the use of the thing change with its age and what happens to it when it reaches the end of its usefulness?" (Kopytoff, 1986, pp. 66-7) . Some of these questions to the biography of the PHCI framework may also be answered by a quantitative bibliometric approach. Where does the PHCI framework come from may, e.g. be answered by a document citation analysis. However, other biographical questions such as what people consider to be an ideal career for such things may be answered more adequately by a qualitative inquiry into the researcher's experience in using the PHCI framework.
A biography of a document may show that the significant aspect of adopting an idea is not that it has been adopted as such, but how it has been culturally redefined and used in different ways (Kopytoff, 1986) . A biography of a framework in HCI may reveal cultural data, e.g. how a framework became established, what the intellectual origins and sources were, who paid for and published the framework, who were the intended audiences, who actually used the framework and to what purposes, to which areas was the framework translated, who provided resumés and/or interpretations of the framework, what is its current status and will the framework ever die? Such details may reveal an entirely different biography compared with the biography of a software engineering methodology or a system development framework (as an example of the latter see the study by Kautz and Pries-Heje, 2000) .
The title of this paper posed the question: "Whatever happened to the psychology of human-computer interaction?" In the next section, I will look at this question in detail and compare the life of the PHCI framework with the original promise of the book. Finally, I will discuss possible successors to the PCHI.
A biography of the PHCI framework
This study will analyze the papers published in a single journal from the start of the journal and up through the 1980s and 1990s -the "golden age" of HCI Psychology of human-computer interaction (Carroll, 2003) -to assess the fate of the PHCI framework in studies within the period in question.
4.1
The choice of database: the HCI journal I have chosen to study the journal that from the very beginning has been explicitly dedicated to publish research on user psychology in the PHCI framework's sense: the Human-Computer Interaction journal founded in 1985. The first volumes of the journal were advertised on the back page of the PHCI book and included a heated debate about the PHCI framework (Carroll and Campbell, 1986; Card, 1985, 1986 Library, and it also appears to be incidental whether a paper on user psychology is submitted to and accepted in most conferences and journals' review processes. Today, the Human-Computer Interaction journal is one of the early and most respected HCI journals. The journal is accessible via ISI's SSCI, in which it had an impact factor above 3 in 2004, which is very high for a HCI-oriented journal. It also has a relatively high ranking in related fields such as Management of Information Systems. The Human-Computer Interaction journal was ranked as 23 in a ranking of MIS journals by Hardgrave and Walstrom (1997) , just below the International Journal of Human-Computer Studies and 13 places higher than the next HCI related journal, Behaviour and Information Technology. In a recent quality ranking of computing journals, it was ranked number seven and was the highest ranked HCI journal among all the computing journals (Katerattanakul et al., 2003) . Finally, all volumes can be accessed in pdf format via the EBSCO Business Source Premier database. In other words, the Human-Computer Interaction journal is a high-level and accessible HCI journal.
I decided to focus my analysis of the journal from its start in 1985 until and including 2001, i.e. 17 years of research. This period approximates the "golden age" of HCI (Carroll, 2003) ending at the millennium, which leaves publications after 2001 to be analyzed as a new period of HCI by future research.
Data collection
In the analysis, I have used information from the EBSCO Business Source Premier database, which at the time of the analysis gave me full access to all volumes of the Human-Computer Interaction journal with the exception of the last year's issues. Other databases at the time of the analysis only gave access to a limited number of recent volumes (Catchworld) or to abstracts (ISI's SSCI). EBSCO also provided reference ITP 19,2 132 information on each paper, i.e. title, source (e.g. the journal), author(s), abstract in addition to information that I have not used in the study: thesaurus term(s), other term(s), industry code(s) (like "Business Support Services") and ISSN number. Finally, EBSCO provided a very useful piece of information, namely the "access number" which refers to the name of the pdf file containing the paper referred to by the reference information. I used the number to switch between reference information and the full paper during the analysis.
Prior to the actual analysis, I prepared and coded the information in the papers. I began by downloading (from the EBSCOq database to my reference software, Endnote 5.0q) the reference information on all papers published in the Human-Computer Interaction journal. I exported the reference information for each year to separate text documents, which I then imported into software for coding and analysis of qualitative data (Atlas.ti 4.2, build 61). Using this software, I segmented the reference information by marking the information on each paper as a separate "citation" and then coding the citations by using the code schemes presented below. For each paper, I read the abstract, list of content, introduction and, if necessary, additional parts of the paper until I was able to choose and apply a code from the coding scheme. Appendix includes an example showing a code scheme and the "citations" to which it has been applied.
Data analysis
The information in the papers was analyzed in three ways. First, I looked through the list of authors to determine whether the journal was dominated by a small group of influential researchers from one country, etc. In my second and third analyses, I used a consistent finding in the bibliometric literature, namely that there are two central dimensions in most published research:
(1) the authors' choice of research topics; and (2) the relative incorporation of quantitative analysis (McCain, 1990 ).
In the second analysis, I analyzed the papers distinguishing between theoretical and empirical studies. In the third analysis, I examined the extent to which the PHCI framework's structural variables had been a topic in the research presented in the papers. The three analyses are presented below. The first analysis was a quantitative count of authors supplemented by a qualitative search for information on the authors. In this analysis, I tried to assess whether the HCI journal was dominated by a small group of HCI researchers, perhaps authors from one country with a certain type of educational background, the same gender, etc. Therefore, I counted any author regardless of whether he or she was first, second, third, etc. author simply by going through the list of authors. Any significant patterns in the author list were important as the authors who publish most frequently in the journal are the most influential compared to other researchers who publish in the journal and researchers and practitioners who read the journal. The analysis procedure was as follows:
(1) Count the overall number of authors of all the papers in the HCI journal from 1985-2001 (using my reference software's automatic "author term list"). (2) Search and delete (using the search functions in the reference software) introductions to special issues from the database of reference information.
Psychology of human-computer interaction (3) Count the presence of author names in the established database (export the references from the reference software to spreadsheet software, establish a database area in the spreadsheet file containing columns and rows with author names and, finally, count how often each name appears in that database by using the spreadsheet software's counting functions). (4) Search the Internet for information on each author's educational background, gender and geographical location of work.
By applying this procedure, I produced a list covering all authors of full papers in the HCI journal rather than just first authors (authors of introductory issues have been left out, as I did not count introductions as research papers). Subsequently, the authors were prioritized and discussed based on the qualitative information on their background from the Internet search on their names. The second analysis was quantitative in nature and based on coding of the form of the research done, i.e. theoretical or empirical. I analyzed the papers using the distinction between theoretical and empirical studies to discuss whether research published in the HCI journal had been performed as the experimental, hard science originally advocated by Newell and Card or whether it was more empirically or theoretically oriented. From Claver et al. (2000) , who classified research strategies in the MIS field, I borrowed a complete set of categories that distinguish between theoretical and empirical studies [4] . These categories are explained below:
. An important feature in empirical studies is the collection of data. Four different approaches to data collection include case studies, field experiments, field studies and laboratory experiments. In case studies, the researcher focuses on one or more cases, often applying qualitative methods. Field studies may be hard to distinguish from case studies, but field studies often have a broader scope and collect data by multiple means. In laboratory experiments, underlying mechanisms are investigated by keeping some variables constant and varying others. Usually, the primary goal is to gain knowledge, which distinguishes this methodology from the field experiment, where the organization, etc. has a legitimate interest in the outcome of the field experiment.
. In theoretical studies, data may be found, but it has a secondary supporting role. The primary contribution is the idea or concept investigated. In conceptual studies, frameworks, models, principles and theories are developed and discussed. In illustrative studies, the theory is illustrated by an example that may be used in practice, i.e. the theory is made more accessible. In applied conceptual studies, concepts are applied and developed at the same time, i.e. they combine the other two kinds of theoretical studies.
These categories were assigned to the text segments as explained above and then described by elementary statistics including a test for any significant trends.
The third analysis consisted of coding the papers and presenting them in a qualitative display (Dahler-Larsen, 2002) . The display should illustrate how and if the PHCI framework's structural variables and sub-variables had been the topic of research presented in the HCI journal during the period in question by classifying each paper as related to one sub-variable of the PHCI structural variables: task, user and computer. In addition, codes were introduced for user, task and computer ITP 19,2 variables that were not included in the PHCI framework as some papers focused, e.g. on aspects of users that were not covered by the variables suggested in the framework. Furthermore, a code for system development methods was introduced to distinguish between the HCI theory and the system development methods. Also, introductions and reviews of the HCI field as a whole, i.e. suggestions to re-orient the field, were coded as a separate category. The coding of the papers resulted in a qualitative display illustrating patterns of focus and empty spaces in the research on PHCI variables published in the HCI journal between 1983 and 2001, see Table IV .
Ideally, the method presented above should be improved in future studies. First, more resources would allow more journals to be included in the analysis. Conferences might also be considered although they have less face validity than journals. Second, the criteria for choosing a given historical period for analysis should be developed by analyzing the concept of a "historical period within a research field". Third, having two or more coders would establish inter-rater reliability. Fourth, it would be beneficial to interview all or some of the researchers who published in the HCI journal to hear their views on their use of the PHCI framework. The interpretation of such interviews might interact with the theoretical considerations in the bibliometrics literature to determine the researchers' motives for citing other authors [5] .
Results
The number and type of papers in the Human-Computer Interaction journal included in the dataset are listed in Coverage of scientific areas. The journal covers different aspects of the psychology of HCI judged from the background of the most publishing authors. The top three most publishing authors are all psychologists by training, see Table III . However, their studies represent different areas of psychology: cognitive psychology, social psychology and pedagogical psychology. The most publishing author with seven papers is J.R. Anderson, whose research interests is to "understand how people organize knowledge that they acquire from their diverse experiences to produce intelligent behaviour" (Anderson, 2003) . The research interests of the next most publishing author, Gary Olson, focus on a quite different area: "computer support for collaborative activities, such as software engineering, design, policy formation, decision making, writing, and education" (Olson, 2003) . The third most published author, John Carroll, is one of the original opponents to Newell and Card's hard science, and he has done extensive research on how people acquire beginning competence at using new technology (Carroll, 2005) .
Coverage of psychology vs computer science, international coverage and gender issues. There are only five computer scientists on the list of the 19 most publishing authors. As the Human-Computer Interaction journal is counted as a computing journal (Katerattanakul et al., 2003) , it is surprising that so few computer scientists are among the most publishing authors. The international coverage of the journal is limited. The list of the most published authors in Table III shows that a typical author is male, psychologist and from the USA or the UK with a Danish researcher as a notable exception. The Danish researcher is also one of only three women on the top 19 list. It is surprising that so few women are among the most publishing authors, as the journal deals with user psychology, a topic that traditionally is biased towards women rather than men [6] .
Choice of research methodology
Nearly half (91) of all the papers (206 which include 12 meta-reviews and 103 empirical papers) published during the period were theoretical papers. Except for the first two years of the journal, the theoretical papers outnumbered the empirical papers for the first time after 1997, see Figure 1 . The number of empirical papers per year increased Psychology of human-computer interaction during the 1990s, but then decreased again. The difference in the distribution of empirical and theoretical papers over the period is significant (Anova: df, 2; mean square, 76.893; F ¼ 3.501; p ¼ 0.032). The figure shows that theoretical studies play a significant role in the HCI journal. Most of the theoretical papers deal with conceptual issues, a smaller number focuses on applied concepts and only 12 papers illustrate theoretical issues, see Figure 2 .
Some time after 1990, the share of empirical papers publishing results from laboratory experiments decreased, while the numbers of case studies, field experiments and field studies increased in the beginning and middle of the 1990s, see Figure 3 .
Papers on PHCI structural variables
Introductions, meta-reviews and system development papers. Out of the 206 papers published in the HCI journal, 43 papers did not deal with specific HCI phenomena, i.e. the 43 papers were introductions, meta-reviews or studies of non-HCI phenomena, see Table IV . More than half (22) of the papers were introductions to special issues (which, of course, introduced and discussed a number of HCI issues) or meta-reviews of the foundation of the field. The remaining 21 papers were research papers with a clear focus on system development methods, which in principle might be just as useful to software engineering as to HCI researchers (see the distinction between HCI theory and system development theory introduced by Hartson (1998) and presented in the first part of this paper).
Spread of PHCI variables. Out of the 206 papers, 163 papers published studies on PHCI variables. The studies were evenly spread across the "task variable" (49 papers) 19,2 1985 1986 1987 þ 88 1989 1990 1991 1992 1993 1994 1995 1996 ii 1997 1998 1999 [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] Psychology of human-computer interaction 1985 1986 1987 þ 88 1989 1990 1991 1992 1993 1994 1995 1996 ii 1997 1998 1999 and the "user variable" (62 papers) with considerably less studies on the "computer variable" (26 papers). However, the PHCI framework only includes two "task variables" which produces a surprisingly high number of studies per "task variable" as shown in Table IV : 15 studies focused on the analysis of diverse task domains, and 34 studies developed specific task models. On the other hand, the framework has as many as 12 "user variables" which only produces an average of five studies per "user variable" (calculated from Table IV ). The six "computer variables" were almost covered as well as the "user variables" -four studies per "computer variable" (calculated from Table IV ). This indicates that the "task variables" have been overly studied compared with the "user variables" and the "computer variables". There is no trend in the spread of PHCI variables in papers over time; both task, user and computer variables have been studied throughout the period with varying frequency.
Many studies of a few task domains and task models. From the 163 papers on PHCI variables, we can learn a great deal about a few task domains and models. Only three different task domains have been studied. There are papers on scientific research collaboration, design work and design tasks and computer education. Of course, there are also papers discussing the task of task description. Thus, all the studied task domains seem to be very familiar to the researchers who wrote the papers.
When we look at the more specific studies of task models, the picture is the same. Apart from a few early studies on decision making and process control tasks, two studies in the mid-1990s of ship navigators and air traffic controllers and a more recent study of developing systems in a bank, the rest of the 34 task model studies focuses on the tasks involved in designing, programming and supporting IT systems. In other words, the papers do not include studies of the user tasks that these systems were developed to support. Despite the fast growing use of computers in all kinds of task domains outside the computer science community, there is a lack of studies on everyday activities, while the body of knowledge about tasks relating to the computer itself as the object of work is growing.
Few studies of many user variables. The 163 papers on PHCI variables may also teach us about users. User variables dominated in numbers in the PHCI framework, and therefore, it is not surprising that some variables have not been studied at all (frequency of system use, persistence in cognitive style, typing rate) or have only been the topic of one or two studies (risk preference, curiosity, and experience from system use), see Table IV . The large part of the user studies focuses on the cognitive variables of intelligence, knowledge and skill. These topics are of course highly interesting, but the more recent focus on user experience points to a need for studies on affective and motivational user variables.
Focus on GUI in studies of the computer variable. Most of the papers that mainly focus on "computer variables" deal with dialogue style (9 papers) or display layout (9 papers), see Table IV . But even if we consider the development of the graphical user interface in the period, it is surprising that the number of papers on command syntax (1) and naming conventions (1) is so small. It is also interesting that the recent study of response time deals with the emergence of response time problems when people communicate via the Internet.
Psychology of human-computer interaction

Discussion
The title of this paper posed a question, "Whatever happened to the psychology of human-computer interaction?" In this section, I will consider whether the orientation of HCI as a science has undergone a radical change during the 17 years, a change from hard science to soft science. Then, I will discuss the results of the study in relation to the nature of a HCI psychology, the PHCI's promise to present a "user psychology" and the relation to the HCI theory. I will also discuss potential successors to the super classic PHCI book. Finally, the results of the biography of the PHCI indicate that apart from the individual-oriented, cognitive psychology of PHCI and its successors, other kinds of psychology disciplines are also relevant to HCI.
Research methodology in HCI -hard or soft HCI?
The results indicate that HCI is based on an equal blend of theoretical and empirical papers. The empirical papers dominated and even increased in numbers during the 1990s, but at the end of the decade, the theoretical papers gained in majority. If the purpose of empirical papers is to test theories, and the purpose of theoretical papers to develop and build theories, we might expect to see fewer empirical papers as the field matures, i.e. an increasing number of theoretical papers would be an indicator of progress in the field (WenShin and Hirschheim, 2004) . The fact that the majority of papers in recent years has been theoretical is, therefore, a positive result and an indicator of progress in the HCI field, albeit seen from the narrow perspective of the HCI journal. But how should we understand the sudden increase in empirical studies during the early 1990s? One answer is that HCI as a field may not only show progress, but also change. The possible change that is most obvious in the light of the origin of the PHCI framework would depend on whether the soft science opponents to the hard science interpretation of the PHCI lost or won. If they won, there should now be less hard science studies and more soft field oriented and qualitative studies. The results reveal that the typical, empirical paper in the HCI journal gradually has become a case study, field experiment or field study, while fewer and fewer lab experiments are published. The increase in empirical studies during the 1990s may be interpreted as a shift towards a soft science employing case and field studies, etc. As the hard science of Newell and Card depends on laboratory experiments, the decrease in papers based on laboratory experiments may be interpreted as a decrease in hard HCI science. The claim that a large part of the HCI theory is based on cognitive psychology is not as true as it used to be, and the soft science advocates seem to have won the battle.
However, soft science advocates may have won the battle, but not the war. Any belief in paradigmatic shifts towards softer research approaches should be regarded with suspicion within information technology research. According to a study by WenShin and Hirschheim (2004) , the view that alternative paradigmatic research (interpretative, qualitative) exists within the dominant, positivist, quantitative information system field is not right. Positivist, quantitative research dominated 81 per cent of the published papers in the field from 1991 to 2001. In comparison, more than 50 per cent of the empirical studies in the HCI journal were laboratory experiments from 1983 to 2001, so even if a shift has occurred, hard science studies still contribute with a considerable portion to the HCI knowledge.
Focus of research: human-computer interaction or designer-computer interaction?
Did the PHCI framework and the subsequent research fulfil the promise to deliver a "user psychology"? Despite a large number of introductions and meta-reviews published over the years in the HCI journal by various authors, the journal's original, explicit aim to deliver a user psychology relevant to computing in everyday life and work has silently vanished in the research. As indicated above, the analysis of studies published in the HCI journal over 17 years shows that the PHCI has been studied as the psychology of "designer-computer interaction" -"designer-CI" rather than HCI. If this is the case, what does it imply?
The unfulfilled promise of the PHCI. First, a "designer-CI" approach will never fulfil the PCHI promise to provide an accumulative body of knowledge covering a wide range of end-users' everyday tasks. Of course, analyses of tasks and task domains related to designers' own interaction with computers are important. However, the original intention of the PHCI framework's authors was to use the knowledge of structural variables to develop performance models to help designers anticipate, not their own needs, but the end-users' needs. Historically, text editing is one of the few thoroughly analyzed activities. In the 1980s, there were so many studies of user issues in text editing that the phenomenon was called the "white rat" of HCI (Carroll, 1997, p. 78) . Text editing was also the main task analyzed by the PHCI book's authors. Their strategy was to ". . . focus on a single task domain and then to generalize to other domains . . . " (Card et al., 1983, p. 410) . They chose to study text editing because "Manuscript ext editing is a paradigm for many similar tasks." (Card et al., 1983, p. 396 ), but they assumed it was necessary to study a broad range of user tasks to support system design. They were well aware that it is important to appreciate the ". . . diversity of cognitive skills, so as not to over-generalize the characteristics of text-editing . . . " (Card et al., 1983, p. 396) . Thus, they regretted that:
. . . there does not at present exist a population of studies of other cognitive skills that have been analyzed in ways that would permit deep comparison, either with text editing or with each other . . . (Card et al., 1983, p. 396) The PHCI authors went on to suggest a detailed study of a number of "generic tasks" such as: "CPA doing income tax, routine medical diagnosis, playing bridge, writing business letter, balancing check books, air traffic control, mental multiplication" (Card et al., 1983, p. 397) . However, the papers published in the HCI journal during the following 17 years did not include many analyses of these tasks. Some of the first opponents to the PHCI approach foresaw this development (Carroll and Campbell, 1986) pointing to the danger inherent in hard science of overlooking the need for detailed, qualitative task analyses.
The relationship to the HCI theory. Second, the "designer-CI" approach may well be one of the reasons why the current situation within the HCI research field is in such a mess. Text book authors are giving up the idea of a HCI theory: "we do not even know enough about a theory of human tasks to support them in design" (Dix et al., 2004, p. 5) . Instead, textbooks have taken a pragmatic stance on HCI focusing on how to apply the HCI theory to design problems rather than on how to understand the HCI theory (Dix et al., 2004) . However, it is taken for granted that the "user's current tasks are studied and then supported by computers" (Dix et al., 2004, p. 5) . From HCI practitioners' perspective, it is important to study users' everyday tasks. But by Psychology of human-computer interaction focussing solely on how to use the newest technology, it becomes impossible to conduct focussed scientific research on users' task (Whittaker et al., 2000) . The "designer-CI" approach is neither from a theoretical nor a practical point of view the best choice for developing adequate theories of user psychology.
Potential successors to the PHCI book?
Today, the PHCI book is a "super classic", i.e. it has not become obsolete after decades of popularity (Walstrom and Leonard, 2000) . Two of its three authors are among the top 20 most publishing authors in the HCI journal. However, other authors focusing on other parts of psychology are also among the most publishing authors in the HCI journal. And there are authors outside the Human-Computer Interaction journal that have a view on the intellectual heritage of the PHCI book. This is a good position from which to search for potential successors to the PHCI framework.
The role of psychology in HCI as a multidisciplinary framework science. No successor to the PHCI book has been published. However, there has been at least one explicit attempt to collect all the relevant knowledge to advance the science of HCI. The multidisciplinary framework for a HCI science suggested by Carroll (2003) has explicitly been promoted as a successor to the PHCI book (see the "critical acclaim" section in Carroll (2003) ). Carroll argues that the representational theory of mind emphasized by cognitive science and introduced to HCI by the PHCI book and other studies must be supplemented by other levels of descriptions ranging from cognition to social and cultural interactions (Carroll, 2003) . The vision is a science of HCI that is not psychological, but includes psychological approaches such as the PHCI framework within a broader socio-technical framework(s). Donald Norman's work on ecological psychology and affordances. Donald Norman's work may also be seen as a successor to the PHCI framework. However, for several reasons it should not be seen as a direct successor, but rather as a competing framework in terms of its underlying psychological tradition (ecological perception instead of human information processing) and focus (design artefacts instead of performance models). Norman (1988) refers to the PHCI as a "technical" work (in a note on page 180 and not as the index of the book says: Card, p. 178) without specifying what he means by technical or clarifying how he views the difference between his own work and the studies by Card, Moran and Newell. Furthermore, a number of authors actually view the PHCI approach as more advanced than Norman's approach. Rogers (2004, p. 5) argues that Card et al. ". . . went further [than Norman] by providing a basis from which to make quantitative predictions about user performance". Donald Norman's study will probably not become a successor to the PHCI. It is rather an independent psychological tradition within HCI that has sparked an independent line of research focusing a great deal on the concept of affordance, see, e.g. Norman (1999) , Oshlyansky et al. (2004) and Streitz (2004) .
Cognitive modelling. Cognitive modelling studies may be seen as follow-up studies to the PHCI approach. John (2003, p. 57) has presented the PHCI approach as a ". . . philosophy composed of task analysis, approximation and calculation . . . " and suggests that these properties in combination characterize useful models in engineering. Today, 20 years after the PHCI book was published, John (2003) considers the GOMS models as the most active information processing area within HCI. According to her, the whole information processing approach in HCI applications still ". . . enjoys a vibrant, exciting and productive role in the creation of human-machine systems" (John, 2003, p. 99) .
As the HCI field matures, the emergence of sub-groups with a narrow scope and an intense interest in deep knowledge within a special area may be a natural development (Nunamaker, 1980) . Today, the PHCI is seen as a niche area within the HCI field, and the HCI journal is regarded as a small and not very representative sample of the research within the HCI field (Tom Moran, personal communication). However, outside the narrow HCI field, there is a call for more integration between research approaches involving theories from psychology and cognitive science with other approaches such as organizational theory or economic theory. Reviewers of 50 years of research in information systems have recently found an increasing openness in today's academic research to interdisciplinary theorizing on HCI. There is a need for more thorough explanations of how information and communication technology work in complex and varied contexts of use (Banker and Kauffman, 2004) . In summary, while the hard science interpretation of the PHCI approach may have been relegated to niche research in the course of history, the PHCI book has given rise to different kinds of successors ranging from a new multidisciplinary HCI science to a number of cognitive modelling approaches.
Another kind of HCI psychology?
The author's gender, nationality and educational background are becoming increasingly important in a global world with emerging HCI communities in many countries. However, the result section in this paper indicates that the typical author in the HCI journal is a male American psychologist. I will not discuss this finding in any depth, but point out that it is an increasingly important issue across different areas of information technology research, e.g. Nikolaos and Vasilis (2001) and Smith and Yetim (2004) . I have two suggestions for further research related to the topic.
First, one of the very few non-US female authors (Bødker, 1989) has presented a new psychological approach to HCI instead of the PHCI approach. Together with the research of Kuutti (1996) , her study has introduced the use of activity theory in HCI (Berthelsen and Bødker, 2003) . But although critical psychology was the original background of the activity theory approach (Berthelsen and Bødker, 2003) , it has primarily been used as a theoretical tool in ethnographical studies, PD and developmental work research (Berthelsen and Bødker, 2003) . The psychological origin and focus of the theory as applied today in HCI research are probably vague. We need studies to assess the fate of this approach beyond the early and mid-1990s. The methodology used in this paper to study the PHCI may also be used to study the biography of the Activity-Theoretical framework and other alternative, psychological frameworks within HCI.
Second, the mainstream social, psychological alternative to HCI (Bannon, 1993; Olson and Olson, 2003) , which builds on the "small group" social-psychological literature, may help illuminate the social and cognitive consequences of system development and computer use, e.g. stereotyping of users (Clemmensen, 2004) . However, it needs to be updated with the newer social, psychological research (Kraut, 2003) to consider the emergence of cultural perspectives (Smith and Yetim, 2004) and multiple views on gender and information technology (Isomaki and Pohjola, 2005) .
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The research on psychological essentialism and the social-cultural construction of social reality constitutes a promising line in new, social psychology, which includes gender and culture and may be applied to user psychology in everyday HCI. See, e.g. Kashima (2004) in relation to the use of interactive technologies, which may be used to study how technologies are part of the social ontology of diverse user groups across the world.
Conclusion
This study has been trying to outline the fate of the PHCI framework. It does not constitute a critique of the original hard science approach associated with the PHCI framework, although the results show that the use of laboratory experiments within HCI research declined during the 1990s. However, the results of the study may be used to criticize the narrow ways in which the PHCI has been used as an analytic framework by HCI researchers from the very beginning. Compared to the suggestions in the original PHCI framework, the PHCI variables have been studied by subsequent researchers in a very limited way focusing on a small range of tasks and with too little attention to the diversity of users. The potential variety of studies that might be made within the framework has not been unfolded and awaits a reformulation of the theory -a "PHCI revisited". However, within the general framework of a multidisciplinary HCI science, the PHCI continues to be an important cumulative factor. The PHCI book is a central document of historical importance tying together many HCI researchers and a range of HCI studies. Among its potential successors as HCI's "super classic" study, the multi-authored and multidisciplinary work edited by Carroll (2003) stands out. However, this work subsumes psychology into a multidisciplinary framework. Among the pure psychological approaches to HCI, the social psychological approach (Kraut, 2003; Olson and Olson, 2003 ) is a well-known alternative to the PHCI approach.
Limitations of the study
Owing to the one-journal approach, the main conclusion about the role of psychology in HCI only applies to the group of high-profiled US-based authors who published in the journal investigated in the given period. We know from studies in related fields that American and European research focusing on information technology and people may differ in many important ways (Galliers and Whitley, 2002) . However, the mixed quantitative and qualitative biographical approach in the present study may be used to study other frameworks in more research outlets and in other cultural contexts.
Notes
1. The journal impact factor is a measure of the frequency with which an average paper in a journal has been cited in a particular year. The impact factor helps the user of a database, such as the US-based Institute for Scientific Information (ISI)'s databases, to evaluate a journal's relative importance, especially when he or she compares it to other journals in the same field. See ISI's homepage for further information. 2. 1983-1999: 698 citations, 2000: 38 citations, 2001: 40, 2002: 44, 2003: 49, 2004: 39. 
